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(54) Artificial muscles 

(57) The present invention provides an artificial 
muscle comprising a solid electrolyte molded product 
(2) having a shape of a slender rectangular flat plate 
and a pair of polyaniline membranes (3a,3b) which are 
formed on both surfaces of the solid electrolyte molded 
product (2) and are insulated from each other, said arti- 
ficial muscle being designed so that it can be freely 
deformed in the given direction by applying a voltage to 
the polyaniline membranes (3a,3b) to deform the poly- 
aniline membranes. The present invention further pro- 
vides an artificial muscle comprising a solid electrolyte 
molded product (2) having a shape of a slender rectan- 
gular flat plate, a pair of polyaniline membranes (3a,3b) 
which are formed on both surfaces of the solid electro- 
lyte molded product (2) and are insulated from each 
other, and metallic electrodes (4a,4b) provided on the 
polyaniline membranes, said artificial muscle being 
designed so that it can be freely deformed in the given 
direction by applying a voltage between the metallic 
electrodes (4a,4b) to deform the polyaniline mem- 
branes. The artificial muscles are flexible and light- 
weight, have quick response and are capable of 
undergoing large deformation. 
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[0013] By virtue of the above constitution, a uniform potential can be applied to the whole polyaniline membranes, 
and therefore the response of the artificial muscle can be further quickened and the extent of deformation thereof can 
be increased. 

[0014] In this artificial muscle, the metallic electrodes preferably are gold electrodes or platinum electrodes. When 
s gold electrodes or platinum electrodes are provided, the response of the artificial muscle can be further quickened and 
the extent of deformation can be increased. 

[0015] In the artificial muscle according to the present invention, the polyaniline membranes preferably comprise a 
modified polyaniline polymer obtained by graft modifying polyaniline with vinylsulfonic acid. When the polyaniline mem- 
branes comprise the modified polyaniline polymer, anions can more smoothly enter and exit from polyaniline, and 
10 hence the deformation force of the artificial muscle can be increased and the response thereof can be further quick- 
ened. 

[001 6] In the artificial muscle according to the present invention, the polyaniline membranes preferably contain a solid 
electrolyte. When the polyaniline membranes contain a solid electrolyte, anions can smoothly enter and exit from poly- 
aniline. and the polyaniline membranes themselves can be softened. Therefore, the artificial muscle can be further 

is improved in the flexibility, the deformation force and the response. 

[001 7] In the artificial muscle according to the present invention, the solid electrolyte molded product preferably is an 
anion-exchange resin molded product. When the solid electrolyte molded product is an anion-exchange resin molded 
product, the anion-exchange resin molded product is deformed in the same direction as that of the polyaniline mem- 
branes during deformation of the artificial muscle, and hence the deformation force and the extent of deformation of the 

20 artificial muscle can be further increased. 

[0018] In the artificial muscle as described above, the polyaniline membranes preferably consist of plural pairs of poly- 
aniline membranes. When the polyaniline membranes consist of plural pairs of polyaniline membranes, the artificial 
muscle can be deformed in the optional direction and becomes rotatable. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig. 1 is a schematic sectional view of a preferred embodiment of the artificial muscle according to the present 
30 invention when no voltage is applied. 

Fig. 2 is a schematic sectional view of a preferred embodiment of the artificial muscle according to the present 
invention when a voltage is applied. 

Fig. 3 is a schematic sectional view of another embodiment of the present invention when no voltage is applied. 
Fig. 4 is a schematic sectional view of another embodiment of the present invention when a voltage is applied. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The embodiments of the present invention are described in detail hereinafter with reference to the attached 
drawings. 

40 [0021] The artificial muscle of the present invention comprises a solid electrolyte molded product and polyaniline 
membranes which are formed on surface of the solid electrolyte molded product and are insulated from each other, 

said artificial muscle being designed so that it can be freely deformed in the given direction by applying a potential 
difference to the polyaniline membranes to deform the polyaniline membranes. 

45 

[0022] Fig. 1 and Fig. 2 are each a schematic sectional view of an embodiment of the artificial muscle of the present 
invention. In this embodiment, the artificial muscle 1 comprises a solid electrolyte molded product 2 having a shape of 
a slender rectangular flat plate and a pair of polyaniline membranes 3a, 3b which are formed on both surfaces of the 
solid electrolyte molded product and are insulated from each other, and this artificial muscle 1 is designed so that it can 
50 be curvedly deformed (curved or bent) by applying a voltage to the polyaniline membranes 3a, 3b to deform the poly- 
aniline membranes. 

[0023] To the polyaniline membranes 3a, 3b, ends of a pair of lead wires 4a, 4b are electrically connected, respec- 
tively, and the other ends of the lead wires 4a, 4b are connected to a power source 5. 

[0024] The solid electrolyte molded product 2 is not limited to the rectangular flat plate in its shape, and it may be in 
55 a shape of a film, a column, a cylinder or the like. 

[0025] Examples of the solid electrolytes for forming the solid electrolyte molded product 2 include anion-exchange 
resins, cation-exchange resins and amphoteric ion-exchange resins. Examples of the cation-exchange resins employ- 
able herein include those wherein functional groups such as sulfonic acid group and carboxyl group are introduced to 
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polyaniline molecules on the anode side and brings about structural change so that the polymer chain bent is made 
rigid and straight by the delocalization of the n electrons. It can be thought that, based on such principle, the polyaniline 
on the anode side extends and the polyaniline on the cathode side shrinks, whereby the artificial muscle is curved (see 
Applied Physics, Vol. 65, No. 8, pp. 803-810). 
5 [0038] It is also presumed that if the polyaniline is graft modified with vinylsulfonic acid, the entrance and exit of anions 
smoothly proceeds owing to the graft chain, so that the deformation force of the artificial muscle can be increased and 
the response thereof can be further quickened. 

[0039] It is further presumed that if an anion-exchange resin molded product is used as the solid electrolyte molded 
product 2, the anions in the anion-exchange resin move to the anode side, and together with the anions water mole- 

10 cules move in the anion-exchange resin, whereby a difference in the water content between the anode side and the 
cathode side of the anion-exchange resin is made to cause swelling of the resin on the anode side having a high water 
content and shrinkage of the resin on the cathode side having a low water content, and as a result, also the anion- 
exchange resin is curved. Accordingly, if the anion-exchange resin is used for the solid electrolyte molded product 2, 
the direction of the deformation in the polyaniline membranes 3a, 3b becomes equal to the direction of the deformation 

is in the anion-exchange resin, and owing to their synergetic effects, deformation is promoted. That is, the deformation 
force of the artificial muscle can be increased. 

[0040] The artificial muscle of the invention may comprise a solid electrolyte molded product, polyaniline membranes 
which are formed on surface of the solid electrolyte molded product and are insulated from each other, and metallic 
electrodes provided on the polyaniline membranes, 

20 

said artificial muscle being designed so that it can be freely deformed in the given direction by applying a potential 
difference between the metallic electrodes to deform the polyaniline membranes. 

[0041] Fig. 3 and Fig. 4 are each a schematic sectional view of an embodiment of the above-mentioned artificial mus- 
25 cle. In this embodiment, the artificial muscle 1 1 comprises a solid electrolyte molded product 12 having a shape of a 
slender rectangular flat plate, a pair of polyaniline membranes 13a, 13b which are formed on both surfaces of the solid 
electrolyte molded product 1 2 and are insulated from each other, and metallic electrodes 1 4a, 1 4b provided on the poly- 
aniline membranes, and this artificial muscle 1 1 is designed so that it can be freely deformed (curved or bent) in the 
given direction by applying a voltage between the metallic electrodes 14a, 14b to deform the polyaniline membranes. 
30 [0042] To the metallic electrodes 14a, 14b, ends of a pair of lead wires 15a. 15b are electrically connected, respec- 
tively, and the other ends of the lead wires 15a, 15b are connected to a power source 16. 

[0043] As the materials of the solid electrolyte molded product 12, the polyaniline membranes 13a, 13b and the lead 
wires 15a, 15b, the same materials as used for the solid electrolyte molded product 2, the polyaniline membranes 3a, 
3b and the lead wires 4a, 4b in the aforesaid embodiment are employable. 
35 [0044] The metallic electrodes 14a, 14b provided on the polyaniline membranes 13a, 13b preferably are gold elec- 
trodes or platinum electrodes. The metallic electrodes can be formed by conventional processes such as chemical plat- 
ing, electroplating, vacuum deposition, sputtering, coating, press bonding and welding. 

[0045] Also in this embodiment, a solid electrolyte molded product having a thickness of 0.15 mm, a width of 2 mm 
and a length of 30 mm is used as the solid electrolyte molded product 12, polyaniline membranes having a thickness of 
40 5 to 25 urn are bonded to both surfaces of the solid electrolyte molded product 2, and a direct current power source of 
1 .5 V is used as the power source 16. 

[0046] When the metallic electrodes are formed on the surfaces of the polyaniline membranes, the extent of deforma- 
tion of the artificial muscle can be further increased and the response can be further quickened. 
[0047] The artificial muscles of these embodiments as described above are generally used in the condition that the 
45 solid electrolyte molded product contains water. In the water, an electrolyte such as NaCI may be present. If the elec- 
trolyte is present, the deformation characteristics of the artificial muscle can be stabilized. If the solid electrolyte con- 
tains water, the artificial muscle can work even in pure water or air wherein no electronic solution is present around the 
polyaniline membranes. 

[0048] In the artificial muscles of these embodiments, extension of one polyaniline membrane and shrinkage of the 
so other polyaniline membrane are maintained while a constant voltage is applied, so that the deformed state can be fixed. 
[0049] In the artificial muscles of these embodiments, further, the polyaniline membranes preferably consist of plural 
pairs of polyaniline membranes. When the plural polyaniline membranes consist of plural pairs of polyaniline mem- 
branes, the artificial muscle can be deformed in the optional direction and becomes rotatable. 

55 EFFECT OF THE INVENTION 

[0050] Because of the constttuti n mentioned above, the artificial muscle of the invention can work in air or pure water 
wherein no electrditic solution is present, and the artificial muscle is capable of undergoing large deformation and has 
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muscle moved toward the minus side by 2.8 mm. 
Example 4 

5 [0063] A polyaniline powder was introduced into a vinyl plastic bag and spread thinly in the bag. The vinyl plastic bag 
is then passed in an electron ray irradiation device to irradiate the polyaniline with electron rays of 2 Mrad through the 
vinyl plastic bag. 

[0064] After the electron ray irradiation, the polyaniline powder was added to a 1 0 % sodium p-styrenesulfonate aque- 
ous solution, and graft reaction was carried out at 70 °C for 2 hours with stirring to obtain graft modified polyaniline. 
10 [0065] The obtained graft modified polyaniline was dissolved in n-methylpyrrolidone to give an 8 % n-methylpyrro- 
lidone solution of the graft modified polyaniline. Using this solution, an artificial muscle was prepared in the same man- 
ner as in Example 1. A voltage of 1.5 V was applied to the artificial muscle in distilled water. As a result, the tip of the 
artificial muscle moved toward the minus side by 3.1 mm. 

15 Comparative Example 1 

[0066] On a slide glass plate horizontally placed, an 8 % n-methylpyrrolidone solution of polyaniline was spread in a 
uniform thickness, and then heated to 50 °C to evaporate the solvent, whereby a polyaniline film of 40 jim was obtained. 
Two of the polyaniline films were bonded with a double-sided adhesive tape to prepare an artificial muscle. 
20 [0067] A voltage of 1 .5 V was applied to the artificial muscle in an aqueous solution of 1 mol of HCI. As a result, the 
tip of the artificial muscle moved toward the minus side by 3.7 mm. 

Claims 

25 1 . An artificial muscle comprising a solid electrolyte molded product and polyaniline membranes which are formed on 
surface of the solid electrolyte molded product and are insulated from each other, 

said artificial muscle being designed so that it can be freely deformed in the given direction by applying a 
potential difference to the polyaniline membranes to deform the polyaniline membranes. 

30 

2. An artificial muscle comprising a solid electrolyte molded product, polyaniline membranes which are formed on sur- 
face of the solid electrolyte molded product and are insulated from each other, and metallic electrodes provided on 
the polyaniline membranes, 

35 said artificial muscle being designed so that it can be freely deformed in the given direction by applying a 

potential difference between the metallic electrodes to deform the polyaniline membranes. 

3. The artificial muscle as claimed in claim 2, wherein the metallic electrodes are gold electrodes or platinum elec- 
trodes. 

40 

4. The artificial muscle as claimed in any one of claims 1 to 3, wherein the polyaniline membranes comprise a modi- 
fied polyaniline polymer obtained by graft modifying polyaniline with vinylsulfonic acid. 

5. The artificial muscle as claimed in any one of claims 1 to 4, wherein the polyaniline membranes are polyaniline 
45 membranes containing a solid electrolyte. 

6. The artificial muscle as claimed in any one of claims 1 to 5, wherein the solid electrolyte molded product is an 
anion-exchange resin molded product. 

so 7. The artificial muscle as claimed in any one of claims 1 to 6, wherein the polyaniline membranes consist of plural 
pairs of polyaniline membranes. 
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Fig. 3 
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